T his study reports on genetic and environmental influences on the frequency of orgasm in women during sexual intercourse, during other sexual contact with a partner, and during masturbation. Participants were drawn from the Australian Twin Registry, and recruited from a large, partly longitudinal twin-family study. Three thousand and eighty women responded to the anonymous self-report questionnaire, including 667 complete monozygotic (MZ) pairs and 377 complete dizygotic (DZ) same-sex pairs, 366 women from complete DZ opposite-sex pairs, and 626 women whose co-twins did not participate. Significant twin correlations were found for both MZ and DZ twin pairs for all three items of interest. Age effects were statistically significant for some items. Models incorporating additive genetic, shared and nonshared environmental influences provided the best fit for Items 1 and 3, while a model with additive and nonadditive genetic influences along with nonshared envir-onment fitted the data from Item 2. While an independent pathway model fits the data most par-simoniously, a common pathway model incorporating additive genetic (A), shared environment (C), and unique environment (E) effects cannot be ruled out. Overall, genetic influences account for approximately 31% of the variance of frequency of orgasm during sexual intercourse, 37% of the variance of frequency of orgasm during sexual contact other than during intercourse, and 51% of the variance of frequency of orgasm during masturbation. Following Baker (1996) , we speculate that this additive genetic variance might arise from frequency-dependent selection for a variety of female sexual strategies.
Sexual orgasms in women have long been considered a controversial topic (Alzate, 1985) , and the study of women's sexual satisfaction in general is extremely complex. Biological and psychosocial factors as varied as hormone levels, personal wellbeing, education levels, and childhood family background have all been demonstrated to play a substantial role in sexual functioning in women (Dennerstein et al., 1999; Haavio-Mannila & Kontula, 1997; Raboch & Raboch, 1992) .
In a significant proportion of women, research suggests that other feelings (e.g., physical or emotional closeness to their partner during sexual intercourse) are more important than experiencing orgasm (Busing et al., 2001) . Despite this, the inability to achieve orgasm through intercourse is a common sexual complaint (Darling et al., 1991) . Ability, frequency and timing of experiencing orgasm have all been demonstrated to have substantial impact on physiological and psychological sexual satisfaction (Darling et al, 1991; Haavio-Mannila & Kontula, 1997) , and the relative infrequency of experiencing orgasm can be felt to be distressing for many women (Raboch & Raboch, 1992) .
With considerable research accessible now on the genetic and environmental etiology of a number of other sexual and reproductive traits in women (Treloar et al., 1999 (Treloar et al., , 2000 it is perhaps surprising that little or no attention has been paid to the possibility of genetic influences on female orgasm. In the present study, we attempt to address this issue by examining self-report questionnaire items specifically pertaining to the frequency of experiencing orgasms in a large, nonclinical sample of female twins.
Method

Sample
Twins participating in this study were drawn from the Australian National Health and Medical Research Council Twin Registry, and recruited from two phases of a large, partly longitudinal twin-family study. Questionnaires were mailed to individuals who expressed willingness to participate in an anonymous study of sexual behavior and attitudes. In order to preserve the anonymity of the participants while retaining information on which twins were pairs, twins were asked to arrange a 10-digit number to serve as a joint identifier with their co-twins and record this number on their questionnaire. Questionnaires were then returned by mail without any other identifiers. Detailed information on the recruitment and administration procedures appears elsewhere Kirk et al., 2000) , along with more detailed descriptions of the sample (Dunne et al., 1997) .
A total of 1907 complete pairs and 1090 singles returned the questionnaire (54% of all potential individual participants, and 44% of all possible twin pairs). Three thousand and eighty women responded to the questionnaire, including 667 complete monozygotic (MZ) pairs and 377 complete dizygotic (DZ) same-sex pairs, 366 women from complete DZ opposite-sex pairs, and 626 women whose co-twins (male or female) did not participate.
Zygosity
The twins' zygosity was established from responses to standard items about physical similarity, and being mistaken for each other at the time of completion of previous study phases. We and other researchers have shown such items to be at least 95% accurate when judged against genotyping results (e.g., Kasriel & Eaves, 1976; Martin & Martin, 1975; Ooki et al., 1990) . The zygosity diagnosis for all individuals was premarked on anonymous questionnaire forms prior to mailing to enable use of this information.
Measures
Three items pertaining to frequency of experiencing orgasms were included in the questionnaires completed by women: 1) When you have sexual intercourse (i.e., during penetration of the penis), how frequently do you have an orgasm?; 2)How often do you have an orgasm with your sex partner, in ways other than sexual intercourse (e.g., during oral sex)?; and 3) When you masturbate, how frequently do you have an orgasm?
In each case, the response set was: never/rarely (less than 20%); fairly often (20% to 40%); often (40% to 60%); usually (60% to 80%); almost always; always; do not do this.
Statistical Methods
Data were analyzed using SAS 8.00 (SAS Institute, 1999) and Mx 1.50 (Neale, 1999) . Correlations between variables are calculated on the assumption that each variable has an underlying continuum of liability which is normally distributed in the population. However, while significant twin correlations establish the fact that there is familial aggregation, they do not distinguish between the possible mechanisms by which this arises. Structural equation modeling is used to make this distinction by considering which combination of additive genetic (A), nonadditive genetic (D), shared environment (C) and unique environment (E) effects provides the most parsimonious explanation for the observed pattern of MZ and DZ correlations, subject to the limitation that nonadditive genetic and shared environmental influences are confounded in studies of twins reared together. The extension to multivariate analysis allows the determination of not only sources of covariation but also the pattern or structure in which these differentially influence the covarying measures. The model can then be simplified by determining whether the removal of successive individual parameters results in a significant decrease in the fit of the model to the data. Structural equation modeling was conducted in Mx 1.50 using maximum likelihood methods for raw ordinal data.
Results
Response Frequencies
The category response percentages for each of the three measures of frequency of orgasm in women are shown in Table 1 . Different category endorsement frequencies were observed for each of the three measures (p < .001), even after accounting for different proportions of women experiencing each of the situations.
In the analyses outlined below, responses in the final category for each item ('have never had intercourse/do not do this') were treated as missing values. No significant differences in the distribution of responses were observed between women in same-sex and opposite-sex twin pairs where both twins participated in the study (p = .493 for Item 1, p = .386 for Item 2, p = .878 for Item 3), nor was there a significant difference between these response frequencies and those from women whose co-twins did not take part in the study (p = .101, p = .360, p = .671 respectively). Thresholds for women in same-sex and opposite-sex twin groups and between complete and incomplete pairs were constrained equal in all models fitted.
Univariate Analysis
Significant twin correlations were found for both MZ and DZ twin pairs for all three items of interest. Age effects were corrected for, and found to be statistically significant for, Items 1 and 3; older women endorsed the categories at the lower end of the scale more frequently than younger women for these items. Responses between MZ co-twins correlated .31, .38 and .54 for the items on orgasm frequency during sexual intercourse, sexual interaction in ways other than intercourse, and masturbation, while the corresponding DZ twin correlations were .16, .14 and .34 respectively.
Univariate structural equation modeling results are shown in Table 2 . As would be expected from the correlation values above, models incorporating additive genetic and shared and nonshared environmental influences provided the best fit for Items 1 and 3, while a model with additive and nonadditive genetic influences along with nonshared environment fitted the data from Item 2. In each case, genetic influences were statistically significant, although the shared environmental effects (Items 1 and 3) or nonadditive genetic effects (Item 2) could be removed from the model without a significant decrease in goodness-of-fit.
Multivariate Analysis
Cross-twin cross-trait correlations for MZ and DZ twin pairs are shown in Table 3 . As found in the univariate analysis, the correlations for MZ twin pairs are greater than those for DZ twin pairs. Further inspection of Table 3 reveals that in several cases the cross-trait cross-twin correlations for MZ twin pairs is more than twice the corresponding DZ twin correlation (potentially indicating nonadditive genetic influences), while in other cases the MZ twin correlation is less than twice the DZ correlation (suggesting shared environmental effects). Even though these deviations were nonsignificant in the univariate analyses, both a full ACE Cholesky model and a full ADE Cholesky model were fitted to the data as starting points for the multivariate modeling process. The model containing shared environmental influences (ACE) fitted the data slightly better than the model incorporating nonadditive genetic influences (ADE) (∆[-2LL] = 1.695). However, the shared environmental effects in the ACE model were not statistically significant, and the model was able to be reduced to incorporate only additive genetic effects and nonshared environment (an AE model) without significant loss of fit (∆χ 2 6 = 3.219, p = .781). In order to test the hypothesis that there are genetic and environmental influences common to the three observed variables, we applied an independent pathway model (Kendler et al., 1987) to the data. Since neither shared environmental nor nonadditive genetic effects had previously been found to be statistically significant, the independent pathway model incorporated only additive genetic and nonshared environmental influences. Comparison of the fit of this independent pathway model to that of the full ACE Cholesky model (above) revealed no significant loss of fit (∆χ 2 6 = 3.230). The genetic and environmental influences common to the three observed variables account for different proportions of the three variables contributing between 9% and 65% of the variance as shown in Figure 1 . Overall, genetic influences account for approximately 31% of the variance of frequency of orgasm during sexual intercourse, 37% of the variance of frequency of orgasm during sexual contact with a partner other than during intercourse and 51% of the variance of frequency of orgasm during masturbation.
A common pathway model (Kendler et al., 1987 ) was also applied to the data in order to test the more restrictive hypothesis that a common latent construct underlies the three observed variables. In contrast to the independent pathway model, a common pathway model incorporating only additive genetic and nonshared environmental effects did not provide a good fit to the data relative to the full ACE Cholesky model (∆χ 2 7 = 89.592, p = .000), and could thus be rejected. However, the addition of shared environmental influences specific to the variables relating to frequency of orgasm during sexual intercourse and masturbation (as per Figure 2 ) improved the fit substantially. Compared to the independent pathway model presented in Figure 1 , this common pathway has slightly better fit to the data, but is less parsimonious (∆-2 log likelihood = -0.768, ∆df = 3).
Discussion
Results from the current study indicate that the independent pathway AE model fits the data most parsimoniously (using AIC criterion). However, a common pathway model incorporating A, C and E effects cannot be ruled out. Further, the common or shared environment effects found in the present study may well reflect the childhood family background (sexually uninhibited, nonreligious; Haavio-Mannila & Kontula, 1997).
Results also indicate that the frequency of orgasms experienced were different for each type of sexual activity with higher frequency reported during sexual intercourse, or 'with a partner, other than intercourse'. These findings appear to support results from previous studies reporting that partner involvement was a noted preference for many women (Darling et al., 1991; Davidson & Darling, 1989) .
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Figure 1
Path diagram of independent pathway model showing latent genetic and environmental influences on the measured phenotypes of frequency of experience of orgasm during sexual intercourse, during sexual contact with a partner other than intercourse, and during masturbation.
Note: A C and E C represent additive genetic and environmental factors common to all three variables, while A I , A O and A M and E I , E O and E M represent additive genetic and environmental factors specific to the individual variables. Path coefficients are shown. These coefficients must be squared to obtain the proportions of variance of each measured variable accounted for by the latent variable.
https://www.cambridge.org/core/terms. https://doi.org/10.1375/twin.8.1.27
Analysis of the anonymous item responses of twins whose co-twin responded to the survey versus those whose co-twin did not respond can provide an estimate of the volunteer biases affecting those individual items provided that the same encouragement to participate has been given to individuals regardless of the participation status of their relatives (Neale & Eaves, 1993) . This analysis, applied to the three items relating to frequency of experiencing orgasm, found no evidence of a significant volunteer bias for any of the three measures, which would tend to indicate that this type of volunteer bias has not significantly affected the results of the present study.
Setting the 'do not do' category to missing for the masturbation item results in deletion of 30% of the sample and this presents a potential problem of ascertainment bias. Ideally one should use a two-stage model as used by Heath et al. (2002) for number of cigarettes which cannot be scored if participants have never smoked. But imputation of missing values in multivariate analysis allows partial correction for this as the number missing for the other two items is very much lower. Interestingly, the heritabilities of all three orgasm items from the multivariate ACE Cholesky model are all slightly lower (.22, .33 and .32, results not shown) than their univariate counterparts (.29, .38 and .40, Table 2) , suggesting there may be some ascertainment bias affecting the univariate results.
Given the relative dearth of studies conducted on the possibility of genetic influences on the frequency of orgasm in women, our findings present an important contribution to the literature and may have substantial implications for future research in this area.
Various functional hypotheses for female orgasm have been proposed (Buss, 2003; Levin, 2002) . There is some evidence that female orgasm helps maintain vaginal and pelvic functionality (Levin, 2003) . Another hypothesis proposes that female orgasm is a selective sperm-retention device (Baker & Bellis, 1993) . This hypothesis utilizes the fact that female orgasm reverses the pressure differential in the uterus and causes an 'upsuck' effect (Fox, 1976) , which may help reduce 'flowback' and enhance the chances of fertilization (Baker & Bellis, 1993) . The hypothesis suggests that some of the variation in women's reported frequency of orgasm is related to differences in male quality for siring offspring. Some support is found in a study in which women were more likely to report orgasm when they were paired with men who scored higher on an index thought to reflect genetic quality -bilateral symmetry (Thornhill et al., 1995) .
Many evolutionary psychologists believe that species-or sex-typical adaptations should exhibit little genetic variation because selection should winnow out the deleterious mutants that impair functioning. However, traits whose phenotypes depend on a large part of the genome (e.g., intellectual ability) can show a substantial amount of genetic variation due to mutational load (Miller, 2000; Rowe & Houle, 1996) . For instance, if thousands of genes code for the trait, mutation could introduce substantial variation in the trait even if selection is winnowing out deleterious mutations. Moreover, if there is assorta- tive mating on the basis of the trait, it will exacerbate the variation in the population. Even if female orgasm is an adaptation with little genetic variation, a twin study could still find that there is substantial genetic variation correlated with the expression of the phenotype. In the absence of a specific model, a twin study is correlational and does not specify the pathway from genotype to phenotype. For instance, our study is unable to rule out the possibility that the genetic variation associated with the reported frequency of orgasm could actually reflect variation in women's ability to pair-bond with males who would make good sires for their offspring.
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While our results give us little traction on specific evolutionary hypotheses, they do suggest that orgasm during intercourse, orgasm during sexual contact other than intercourse and orgasm during masturbation may be distinct phenotypes. This is supported both by the failure of the common pathway model to provide the best fit, and by the significant influence of the contextspecific genetic and environmental effects. In other words, female orgasm may function differently in different contexts. For future work attempting to elucidate the evolved functions of female orgasm, it may be important not to generalize findings from one context to another.
Nevertheless, our findings suggest that there may be wide, genetically based variety between females in their sexual responses and reproductive strategies. Baker (1996, chapter 11) suggests that there are four broad categories of sexual response in women: (i) about 75% of women who are programmed sometimes to have (and sometimes not to have) the full range of possible orgasms (masturbatory, nocturnal, foreplay, intercourse, and postplay -with some being multiple); (ii) about 10% of women who either do not have masturbatory orgasms or do not climax in the presence of men; (iii) about 10% of women who climax virtually every time they have penetrative sex; and (iv) about 2% to 4% of women who never have an orgasm. Baker argues that female orgasm has generally evolved to selectively retain sperm and manipulate competition between sperm from inseminations by different men. But he also argues that it could be advantageous for women to be different from each other in their sexual responsiveness (e.g., to ensure insemination by a highly skilled partner, to avoid pair-bonding to a male who is unlikely to invest in offspring, and so forth). If these categories of sexual responsiveness have different strengths and weaknesses in maintaining sperm competition and inducing partner fidelity, they could be maintained by frequency-dependent selection which will maintain genetic variance for component phenotypes, including orgasm frequency. One test of Baker's hypothesis would involve latent class analysis to see if we can recover his predicted classes, followed by genetic analysis of class probabilities, which we plan to do.
